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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to a method of generating and allocating modulation 
codes of source codes to be recorded on a recording medium, and more particularly, to a 
method of generating codewords with a restricted run length and allocating the generated 
codewords to form a code stream so that a DC control characteristic of the code stream is 
maintained. 

2. Description of the Related Art 

[0003] In a Run Length Limited (RLL) code represented by (d, k, m, n), the performance of a 
code is evaluated mainly based on a recording density and a capability to suppress a DC 
component of the code. Here, “m” denotes the number of data bits (the number of so-called 
source data bits, which is also referred to as the number of information word bits), “n” denotes 
the number of codeword bits after modulation (the number of so-called channel bits) of the 
source data bits, “d” denotes the minimum number of a series of ‘Os’ that can exist between ‘1’ 
and ‘1’ in a codeword, and “k” denotes the maximum number of a series of ‘Os’ that can exist 
between ‘1’ and ‘T in a codeword. An interval between the codeword bits in a codeword is 
represented by T. 
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[0004] A modulation method, to improve a recording density, is used to reduce the number of 
the codeword bits “n” while regarding “d” and “m” as given conditions. In the RLL code, 
however, “d”, which is the minimum number of a series of ‘Os' that can exist between ‘1’ and ‘1’ 
in a codeword, and “k", which is the maximum number of a series of ‘Os’ that can exist between 
‘1’ and ‘1’ in a codeword, should be satisfied. If, with this (d, k) condition satisfied, the number 
of data bits is “m”, the number of codewords satisfying RLL(d, k) should be equal to or greater 
than 2"'. Moreover, in order to actually use this code, run length constraints, that is, RLL(d, k) 
conditions, should be satisfied in a part where a codeword is linked to another codeword. In 
additipn, when the DC component of a code affects the system performance, it is desirable to 
use a code which has a DC suppression capability. 

[0005] The main reason for suppressing the DC component in the RLL modulated code 
stream is to minimize an effect of a reproducing signal on a servo band. Hereinafter, methods 
of suppressing the DC component will be referred to as Digital Sum Value (DSV) control 
methods. 

[0006] The DSV control methods can be broadly classified into two types. One is a method 
having a DSV control code itself, where the DSV control code is capable of controlling a DSV. 
The other one is a method of inserting a merge bit at each DSV control time. An Eight to 
Fourteen Modulation plus (EFM+) code performs DSV control using a separate code table while 
the EFM code or a (1 , 7) code performs the DSV control by inserting the merge bit. 

[0007] Therefore, the shape of the prior art modulation code group having the DSV control 
code itself capable of controlling suppression of the DC component and satisfying the conditions 
described above is as shown in FIG. 1, in which each of a predetermined number of main 
conversion code groups has a corresponding code group for controlling suppression of the DC 
component. Each main conversion code group and the corresponding code group form a pair 
so that the DC component can be suppressed and controlled. In this case, there are some 
characteristics in the codewords of predetermined main conversion code groups. That is, there 
are no identical codewords between the main conversion code groups A and B. If duplicated 
codes are used, there might be the main conversion code groups C and D for demodulating the 
duplicated codes, where there are no identical codewords between the main conversion code 
groups C and D, but codewords in the main conversion code group A or B may be in the main 
conversion code group C or D for demodulating duplicated codes. The number of codewords in 
the main conversion code groups A and B and the main conversion code groups C and D for 
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demodulating duplicated codes is 2'" if the number of bits in the source word before conversion 
IS m . 

[0008] If corresponding code groups E through H are DC suppression control code groups 
used for suppressing the DC components together with the main conversion code groups A 
through D, respectively, the characteristics of codewords in each of the corresponding code 
groups E through H are the same as the characteristics of codewords in the main conversion 
code groups A through D, respectively. That is, the same conditions for generating duplicated 
codewords or the same conditions for determining the number of lead zeros in a codeword are 
applied to each of the DC suppression control code groups E through H for controlling 
suppression of DC components and the main conversion code groups A through D. 

[0009] For example, the characteristics of the EFM+ code, which is used in current Digital 
Versatile Discs (DVD), has a run length condition of RLL(2, 10) and a codeword length (n) of 16 
bits, is as shown in FIG. 2. The main conversion code groups are MCG1 (“A” in FIG. 1) and 
MCG2 (“B” in FIG. 1) and the conversion code groups for demodulating duplicated codes are 
DCG1 (“C” in FIG. 1) and DCG2,(“D” in FIG. 1). There are four DSV code groups (“E~H” in FIG. 
1) which make pairs with respective conversion code groups to control suppression of DC 
components. There are no identical codewords between the four conversion code groups and 
the four DSV code groups which are code groups for controlling DC components. 

[0010] Also, the conditions for generating duplicated codewords in the entire code groups are 
the same, and the characteristics of codewords in each code group pair that can control DC 
components (MCG1 and the first DSV code group, MCG2 and the second DSV code group, 
DCG1 and the third DSV code group, or DCG2 and the fourth DSV code group) are the same. 

[001 1] That is, a codeword having a continuous sequence of from 2 to 5 zeros from the Least 
Significant Bit (LSB) of the codeword is generated using duplicated codewords. This rule is 
applied to each code group in the same manner. In each of the codewords of the first DSV 
code group for controlling suppression of DC components, which controls suppression of DC 
components together with the main conversion code group MCG1, there is a continuous 
sequence of between 2 and 9 ‘Os’ from the Most Significant Bit (MSB). In each of the 
codewords of the second DSV code group for controlling suppression of DC components, which 
controls suppression of DC components together with the main conversion code group MCG2, 
there is either 0 or 1 ‘0’ continuing from the MSB. 
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[0012] Some bits (here, b15(MSB) or b3) in the codewords of the third DSV code group 
control the suppression of the DC components together with the corresponding conversion code 
group DCG1 for demodulating duplicated codes are ‘Ob’, while some bits (here, b15(MSB) or 
b3) in the codewords of the fourth DSV code group for controlling suppression of DC 
components control the suppression of the DC components together with the corresponding 
code group DCG2 for demodulating duplicated codes, and some bits (here, b15(MSB) and b3) 
are ‘1b’. In developing 8 to 15 modulation code which has an advantage in the recording 
density aspect compared to the prior art modulation method EFM+ which uses the modulation 
code group shown in FIG. 1 or 2, the original characteristics of a code stream change when a 
change occurs in a codeword because of a boundary rule applied to the locations adjacent to a 
boundary which connects a codeword to another codeword. 



SUMMARY OF THE INVENTION 

[0013] To solve the above and other problems, it is an objective of the present invention to 
provide a method of generating and allocating codewords having a run length restriction so that 
original characteristics of a code stream are maintained without change even when a codeword 
is replaced according to a boundary rule when the code stream is allocated. 

[0014] Additional objects and advantageous of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[001 5] To achieve the above and other objects according to an embodiment of the present 
invention, there is provided a method of generating and allocating codewords of source words 
which are to be recorded on a recording medium, the method including generating codewords 
satisfying predetermined run length conditions and grouping codewords according to each run 
length condition; and allocating the codewords such that a code(word) for the source word is 
capable of controlling suppression of DC components. 

[0016] It is preferable that when a predetermined boundary condition is not satisfied in the 
code stream, allocating codewords such that codewords which satisfy the boundary condition 
and maintain the DC control characteristics which are considered when the initial codewords are 
allocated replace the initial codewords. 
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[0017] The generating of the codewords includes generating codewords satisfying the length 
of a predetermined first codeword, and predetermined run length conditions, grouping the 
codewords according to each predetermined run length condition to generate a main conversion 
codeword table; generating DC control codewords satisfying the length of a predetermined 
second codeword, and predetermined run length conditions in order to control DC components 
in the code(word) stream, grouping the DC control codewords, and generating a code 
conversion table for controlling DC components: and generating additional DC control 
codewords by taking codewords which satisfy the predetermined run length conditions and are 
not needed in the main conversion codeword table, and grouping the additional DC control 
codewords. 

[0018] Also, there is provided another allocation method of allocating codewords generated 
for source words to be recorded on a recording medium, the method including when a 
preceding codeword “a” and a following codeword “b” form a code stream X, allocating one of 
two selectable codewords b1 and b2 as codeword “b”, in which codewords b1 and b2 have 
opposite INV values which are parameters indicating whether the number of ‘Is’ contained in a 
codeword is an odd number or an even number and when the code stream of “a” and b1 is XI , 
and the code stream of “a” and b2 is X2, allocating codewords such that the INVs of XI and X2 
are maintained to be opposite when “a” or b1(b2) (b1 or b2) should be replaced by other 
codewords in compliance with a predetermined boundary condition given between codewords. 

[0019] It is preferable that when the predetermined boundary condition is that the number of 
continuous ‘Os’ between codewords should be at least 2, and when the number of continuous 
‘Os’ from the Least Significant Bit (LSB) of the codeword “a” in the Most Significant Bit (MSB) 
direction is 0, and the number of continuous ‘Os’ from the MSB of the codewords b1 or b2 in the 
LSB direction is 1 , code changes of either the codeword “a” or b1(b2) (b1 or b2) occur to satisfy 
the boundary condition. 

[0020] It is preferable that when the number of continuous ‘Os’ between the codewords “a” 
and “b” is 1 or 0, the codeword “a” or “b” is changed such that the number of Os forming the 
boundary is greater than 2 and less than 10. 

[0021] It is preferable that the codeword “a” of the code stream XI and the codeword “a” of 
the code stream X2 are changed to other codewords such that the resulting codewords “a" of 
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code streams XI and X2 have the same INV value, and as a result, by the INVs of codewords 
b1 and b2 following the codewords “a” respectively, the INVs of the X1 and X2 become different. 

[0022] Also, there is provided an allocation method of allocating codewords of source words 
to be recorded on a recording medium, the method including when a preceding codeword “b” 
and a following codeword “c” form a code stream Y, allocating one of two selectable codewords 
b1 and b2 as the codeword “b”, wherein codewords b1 and b2 have opposite INVs which are 
parameters indicating whether the number of ‘1s’ contained in a codeword is an odd number or 
an even number and when the code stream of b1 and ‘‘c” is Y1, and the code stream of b2 and 
"c” is Y2, allocating codewords such that INVs of Y1 and Y2 are maintained to be opposite when 
the codeword b1, b2, or“c” should be replaced by another codeword in compliance with a 
predetermined boundary condition between codewords. 

[0023] It is preferable that when the predetermined boundary condition is that the number of 
continuous ‘Os’ between codewords should be at least 2, and when the number of continuous 
‘Os’ from the Least Significant Bit (LSB) of the codeword “c” toward the Most Significant Bit 
(MSB) is 1 , codeword “b” which does not satisfy the boundary condition and is xxxxxxxxxxxIOOl 
orxxxxxxxxxxIOOOl appears in both b1 and b2. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] These and other objects and advantageous of the invention will become apparent and 
more readily appreciated from the following description of the preferred embodiments, taken in 
conjunction with the accompanying drawings of which: 

FIG. 1 is a diagram of an example of a conventional modulation code group; 

FIG. 2 is a table showing characteristics of codewords included in the modulation code 
group of FIG. 1; 

FIG. 3 is a flowchart showing a method of generating and allocating codes according to 
an embodiment of the present invention; 

FIG. 4 is a main code conversion table showing a variety of codeword groups and 
characteristics of codewords in each codeword group; 

FIG. 5 is a corresponding code conversion table showing a variety of the codeword 
groups for DC control and characteristics of the codewords in each codeword group; 
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FIG. 6 is an auxiliary conversion table showing a variety of the codeword groups for DC 
control and characteristics of the codewords in each codeword group; 

FIG. 7 is a diagram for showing what should be considered for the run length conditions 
between adjacent codewords “a” and “b”; 

FIG. 8 is a table showing an example of changes in INV values of code streams before 
code conversion and after code conversion when the run length conditions described in FIG. 7 
are not satisfied; 

FIG. 9 is a diagram showing an example of code stream branches having selective 
codewords b1 and b2 for DC control; 

FIG. 10 is a graph showing a relationship between INV values of a code stream pair: 
FIGS. 11 A through 11 E are the main code conversion code tables of FIG. 4; 

FIGS. 12A through 12J are the corresponding code conversion tables for DC control of 

FIG. 5; 

FIGS. 13A and 13B are the auxiliary code conversion tables for DC control of FIG. 7; 
and 

FIG. 14 is a graph showing a difference between a frequency spectrum when codewords 
of the corresponding code conversion table for DC control according to the embodiment of the 
present invention are used in 25% of all of the codewords, and the frequency spectrum when 
prior art EFM+ modulation codewords are used. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0025] Reference will now be made in detail to the present preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to the like elements throughout. The embodiments are described in 
order to explain the present invention by referring to the figures. 

[0026] FIG. 3 is a flowchart showing a method of generating and allocating codes according 
to the present invention. According to the method of generating and allocating codewords of 
source words to be recorded on a recording medium, the codewords satisfying predetermined 
run length conditions are generated and the generated codewords are grouped according to 
each run length condition in operation 300. The codewords are allocated so that the code 
(word) streams for source words are capable of controlling DC components in operation 31 0. It 
is determined whether or not predetermined boundary conditions are satisfied in the code 
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stream in operation 320. If the conditions are not satisfied, the codewords are replaced by 
codewords satisfying the boundary conditions while the DC control characteristics are 
maintained even when the original codewords are allocated in operation 330. 

[ 0027 ] Code tables of the codewords for source code conversion are roughly divided into 
three types: 1) a main conversion table, 2) a corresponding conversion table for controlling DC 
components, and 3) an auxiliary conversion table for controlling the DC components. 

[ 0028 ] FIG. 4 is a table showing a variety of codeword groups of a main conversion table and 
the characteristics of codewords in each code group. It is assumed that “d” denotes the 
minimum run length limit of a series of continuous “0”s of a codeword, “k” denotes the maximum 
run length limit of a series of continuous “0”s of a codeword, “m” denotes the number of bits of 
source data, “n” denotes the number of bits of a codeword after modulation of the source data. 
End Zero (EZ) denotes the number of ‘Os’ in a continuous sequence from the LSB of a 
codeword in a direction toward the MSB of the codeword, and Lead Zero (LZ) denotes the 
number of ‘Os’ in a continuous sequence from the MSB of a codeword in a direction toward the 
LSB of the codeword. For example, codewords that satisfy d=0, k=10, m=8, n=15, 0 EZ 8 are 
divided according to the following LZ conditions: 

1 ) number of codewords satisfying 2 LZ 10:177 

2) number of codewords satisfying 1 LZ 9: 257 

3) number of codewords satisfying 0 LZ 6: 360 

4) number of codewords satisfying 0 LZ 2: 262 

[ 0029 ] If the number of bits of the source data satisfies m=8, the number of codewords for 
conversion should be 256 or more. However, in condition 1), the number of codewords does 
not amount to 256. Therefore, the number of codewords in condition 1 ) can amount to 256 by 
taking some codewords from a condition having a surplus number of codewords. In this case, 
83 codewords from the codewords satisfying group 3)’s LZ condition may be taken and added 
to group 1). Then, the numbers of codewords included in conditions 1) through 4) are 260, 257, 
277(=360-83), and 262, respectively, and satisfy the minimum number of modulation 
codewords, that is, 256 for 8-bit source data. In the table of FIG. 4, Main Code Group 1 (MCG1) 
is the name of a code group containing codewords satisfying condition 1) and some (83) 
codewords are taken from main code group 3 (MCG3) satisfying condition 3). MCG2 and 
MCG4 are the names of codewords satisfying condition 2), and 4), respectively. MCG3 is the 
name of codewords satisfying condition 3), excluding the 83 codewords taken by MCG1. In 
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each of the main code groups MCG1 through MCG4, only 256 codewords can be used as 
conversion codes for source codes. 

[0030] FIG. 5 is a corresponding conversion table showing a variety of codeword groups for 
the DC control and the characteristics of codewords in each codeword group. For example, 
assuming that d=2, k=10, m=8, n=17, and 0 EZ 8, conversion code tables for controlling DC 
components may include the following 4 groups (corresponding to DCG1, DCG2, DCG3, and 
DCG4 of FIG. 5, respectively) according to the LZ conditions: 

1 ) number of codewords satisfying 2 LZ 10:375 

2) number of codewords satisfying 1 LZ 9: 546 

1 ) number of codewords satisfying 0 LZ 6: 763 

1 ) number of codewords satisfying 0 LZ 2: 556 

[0031] Each group forming the corresponding conversion table for controlling the DC 
components should have at least 2 codewords that selectively correspond to one source data, 
and therefore should have at least 512 (= 2® +2®) codewords for 8-bit source data. Since the 
number of codewords in the code group satisfying the LZ condition 1) is less than 512, code 
group 1) can take surplus codewords from other code groups satisfying other LZ conditions to 
amount to the number of 512. For example, in the above embodiment, code group 1 DCG1 
may take 1 77 codewords from the code group 3 DCG3 satisfying the condition 3) so as to have 
552 (=375 + 177) codewords. 

[0032] FIG. 6 is an auxiliary conversion table showing a variety of codeword groups for the 
DC control and the characteristics of codewords in each code group. For example, among 
codewords satisfying d=2, k=10, m=8, and n=15, codewords satisfying 9 EZ 10, the remaining 
codewords of the main code conversion groups (MCGs), and codewords satisfying LZ=7, 8 or 
LZ=4, 5 are used as codewords of auxiliary code groups (ACGs) for controlling the suppression 
of the DC components. The conditions for generating these codewords will now be explained in 
detail. The following conditions correspond to ACG1 through ACG4, respectively, which are 
names of the auxiliary conversion table for controlling the suppression of the DC components: 

1 ) 5 codewords (satisfying 9 EZ lOandLZ 0) + the remaining 4 codewords (in the 
MCG1) = 9 codewords, 

2) 5 codewords (satisfying 9 EZ 10 and LZ 0) + 1 remaining codewords (in the MCG1) 
= 6 codewords. 
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3) 5 codewords (satisfying 9 EZ lOandLZ 1) + 15 codewords (satisfying 7 LZ Sand 
0 EZ 8 ) + 21 remaining codewords (in MCG3)= 41 codewords, 

4) 7 codewords (satisfying 9 EZ 10 + the remaining 6 codewords in the MCG4) + 85 
codewords (satisfying 3 LZ 5 and 0 EZ 8) = 98 codewords. 

[0033] When a codeword “a” and a codeword “b” are connected, the junction where the two 
codewords are connected should satisfy a run length (d, k) condition. FIG. 7 is a diagram 
showing what should be considered for the run length conditions when the codewords “a” and 
“b” are connected. Satisfying the run length condition means that in FIG. 7 a value obtained by 
adding the end zero (EZ_a) of the codeword “a” and the lead zero (LZ_b) of the codeword “b” is 
equal to or greater than the minimum run length “d” and equal to or less than the maximum run 
length “k”. 

[0034] FIG. 8 is a table showing an example of changes in INV values of code streams 
(whose meaning will be described below) before code conversion and after code conversion 
when the run length conditions described in FIG. 7 are not satisfied. The codeword “b” is 
determined in a group indicated by the EZ of the preceding codeword “a”. When the codeword 
“a” or “b” is included in a code group, in which the number of the codewords is not enough to 
meet the condition, and is taken out from other code groups, the (d, k) condition may not be 
satisfied. In this example, the EZ of codeword “a” changes to satisfy the run length condition, 
which is referred to as the boundary rule. A variable INV value, which indicates whether the 
number of ‘Is’ in a codeword stream is an even number or an odd number, may change from a 
previous INV value while the codeword “a" is not changed, according to the boundary rule 
(condition). Due to this characteristic of the INV value or the boundary rule, attention should be 
paid when a codeword is allocated according to code conversion tables to control the 
suppression of the DC components. 

[0035] FIG. 9 is a diagram showing an example of code stream branches having selectable 
codewords b1 and b2 for the DC control. One of the major features of the code conversion of 
the present invention is that the codewords of two code conversion tables that can be selected 
for the DC control are allocated so that they have opposite INV characteristics (values). When 
the previous INV value changes according to the boundary rule as described above, if the INV 
values of both the codewords in the two selectable code conversion tables change, then there 
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will be no problem. Otherwise, characteristics of codewords having opposite INV values cannot 
be obtained. For this reason, a code conversion table is designed to consider the following. 



[0036] First, in FIG. 9, at a junction A where the codeword “a” and the codeword “b” are 
connected to each other, if b1 and b2, which can be selected as the codeword “b”, are 
codewords taken out from DCG 11 and DCG12, respectively, the codewords are regrouped in 
the codewords DCG1 according to the code conversion table shown in FIG. 5 after being 
separated from the codewords DCG3 to correspond to the same source code but have different 
INV values. If the codewords b1 and b2 are codewords of MCG1 and MCG2, respectively, then 
codewords in which LZ_b1 (the number of LZs of codeword b1 ) and LZ_b2 (the number of LZs 
of codeword b2) are 1 are allocated on the location. By doing so, when the EZ of the codeword 
“a” is ‘O’, according to the boundary rule, the INV value of the codeword “a" is changed in both 
the code stream containing the codeword b1 and the code stream containing the codeword b2, 
or the INV value of the codeword “a” does not change in either the code stream containing the 
codeword b1 or the code stream containing the codeword b2, such that the INV values of the 
two code streams are maintained to be opposite. An example is as follows: 



source data 250 



224 



27 



code streami 
(before conversion) 
code streami 
(after conversion) 
INV1 

code stream2 
(before conversion) 
code stream2 
(after conversion) 
INV2 



000001000010001 

(MCG3) 

000001000010001 

1 

000001000010001 

(MCG3) 

000001000010001 

1 



000001000001001 

(MCG1) 

000001000001000 

1 

000001000001001 

(MCG1) 

000001000001000 

1 



010010010000000 

(MCG1) 

010010010000000 

0 

01001000000000(3 

(ACG1) 

010010000000000 

1 



[0037] Next, in another junction B of FIG. 9, that is, at the junction B where the codeword “b” 
and codeword “c” are connected to each other, if the codewords b1 and b2 are respectively 
included in code conversion tables DCG11 and DCG12, DCG21 and DCG22, DCG31 and 
DCG32, DCG41 and DCG42, MCG1 and ACG1, MCG2 and ACG2, MCG3 and ACG3, or 
MCG4 and ACG4, and (xx)xxxxxxxxxxxlOOI or (xx)xxxxxxxxxxlOOOI as shown in FIG. 8, the 
INV value may change according to the boundary rule due to the LZ of the following codeword 
“c”. Therefore, these codewords bland b2 are allocated to the location for corresponding same 
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source data in each table such that the INV values of the two code streams are maintained to 
be opposite. An example is as follows: 



source data 


250 


152 


210 


code stream 1 


000001000010001 


01000000010001001 


000000100000001 


(before conversion) 


(MCG3) 


(DCG11) 


(MCG1) 


code stream 1 
(after conversion) 


000001000010000 


01000000010001001 


000000100000001 


INV1 


0 


0 


0 


code stream2 


000001000010001 


01001000010001001 


010000001001001 


(before conversion) 


(MCG3) 


(DCG12) 


(MCG1) 


codes tream2 
(after conversion) 


000001000010000 


01001000010001001 


010000001001001 


INV2 


0 


1 


1 



[0038] For the junctions A and B of FIG. 9, the codewords are first allocated to the location 
corresponding same source data in each code conversion table (DCG11 and DCG12 or MCG1 
and ACG1 ) considering the above. Referring to the following example, in the junction B, 
according to the boundary rule, the INV values of code stream 1 and code stream 2 are 
maintained to be opposite and the INV values of code stream 3 and code stream 4 are 
maintained to be opposite. Also, at the junction B, according to the boundary rule, the INV 
values of code stream 1 and code stream 3 are maintained to be opposite and the INV values of 
code stream 2 and code stream 4 are maintained to be opposite. 



source data 250 



152 



7 



code stream 1 
(before conversion) 
code stream 1 
(after conversion) 
INV1 



000001000010001 

(MCG3) 

000001000010000 

0 



01 00000001 0001001 01 000001001 0001 
(DCG11) (MCG1) 

01 000000010001000 01 000001 001 0001 

1 1 



code stream2 000001000010001 

(before conversion) (MCG3) 
code stream2 000001000010000 

(after conversion) 

INV2 0 



01 00000001 0001001 01 001 001 0010001 
(DCG11) (ACG1) 

01 00000001 0001000 01 001 001 0010001 

1 0 
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code Streams 000001000010001 

(before conversion) (MCG3) 
code streams 000001000010000 

(after conversion) 

INVS 0 



01001 000010001001 01 000001 0010001 
(DCG12) (MCG1) 

01 001000010001000 01 000001 0010001 

0 0 



code stream4 
(before conversion) 
code stream4 
(after conversion) 



000001000010001 

(MCGS) 

000001000010000 



01001 000010001001 01 0010010010001 
(DCG12) (ACG1) 

01 001 000010001000 01 001001 0010001 



INV4 



0 0 



1 



[0039] As described above, considering changes in the INV value of a codeword due to the 
boundary rule in a codeword stream, codewords are allocated so that the INV values (polarities) 
of a codeword pair after modulation of the source data is always maintained to be opposite. 

FIG. 10 is a graph showing the relationship of the INV values of this code stream pair. If 
codewords are allocated such that the INV values of a code stream pair are always opposite, a 
codeword can be selected so that a code stream having the DC components between the code 
stream pair is formed. 

[0040] Exceptions to the rule that INV values are maintained to be opposite at the junction A 
of FIG. 9 may occur when the amount of the source data is from 251 to 255 in the code 
conversion table for controlling the DC components. In such exceptional cases, the CSV signs 
of the codewords are made to be opposite so that the difference between DSV values in the 
code stream pair is made. 

[0041] FIGS. 11A through 11 E are the main conversion tables in which codewords are 
generated and allocated after the conditions described above are condsidered. 

[0042] FIGS. 12A through 12J are the corresponding conversion tables for DC control in 
which codewords are generated and allocated after the conditions described above are 
considered. 

[0043] FIGS. ISA and 1SB are the auxiliary code conversion tables for the DC control in 
which codewords are generated and allocated after the conditions described above are 
considered. 
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[0044] FIG. 14 is a graph showing the difference between a frequency spectrum when 
codewords of the code conversion table for the DC control according to the embodiment of the 
present invention are used in 25% of all of the codewords, and another frequency spectrum 
when prior art EFM+ modulation codewords are used. The graph shows that in a low frequency 
band, the frequency spectrum of the code words (modulated code stream) according to the 
present invention is almost the same as the frequency spectrum of the EFM+, which indicates 
that the code stream of the present invention has almost the same capability of suppressing the 
DC components as that of the EFM+ method. 

[0045] Accordingly, since the present invention uses 15-bit codes as the main conversion 
code and selectively uses 1 7-bit DC control codes for controlling DC components, the present 
invention has better efficiency in recording density than the prior art EFM+ code and has the 
same DC suppression capability as the EFM+ code. 

[0046] According to the present invention, by using a short codeword having less bits as a 
main conversion codeword, high efficiency is achieved in recording density. 

[0047] Also, when codewords which do not satisfy the run length conditions are replaced by 
other codewords, the codewords are allocated so that the DC suppression capability of the code 
stream can be maintained, and therefore a higher DC suppression capability of the code stream 
is provided. 

[0048] Although a few preferred embodiments of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in this 
embodiment without departing from the principles and sprit of the invention, the scope of which 
is defined in the claims and their equivalents. 



14 




